Mesoporous silica materials have attracted considerable attention as support for different molecules, because these materials possess high surface area, large uniform pores, photostability, rigidity, and diverse surface properties by various types of modifiers [1] [2] [3] . Among mesoporous silica materials, the Santa Barbara Amorphous (SBA-15) has large pore size (from 3 to 30 nm), high surface area, and high hydrothermal and thermal stability 
INTRODUCTION
. The greater wall thickness of SBA-15 compared to materials like MCM-41 can be considered an important advantage for this material 9, 10 . The SBA-15 is prepared by interaction of tetraethoxysilane (TEOS), and a Pluronic P123 tri-block copolymer (EO 20 PO 70 EO 20 , MW. 5800), as a template 6 . At low pH, the EO units (hydrophilic head-groups) and the silica species (positively charged) are assembled together through electrostatic interactions by anions (negatively charged) 9, 10 . Many studies have been carried out recently on designing and preparing the organicinorganic hybrid of SBA-15 by functionalization of their wall surface with organic groups for different applications 2, 11, 29, 30 , such as catalysts 12 , enzyme carriers 13 , and adsorbents for removal of toxic heavy metal ions from wastewater [14] [15] [16] [17] [18] [19] [20] .
Porphyrins are p-conjugated macrocyclic systems with high chemical and thermal stability. The incorporation of the porphyrins into solid inorganic substrates enhances their ability to remove metal ions and improves their ligand binding properties 21 . Actually, the nitrogen atoms in the tetrapyrrole ring act as ligands and attract metal ions because of their strong electrondonor properties; thus, providing high removal efficiency via formation of metal-nitrogen coordination bonds 22 . In this work, we reported the synthesis and characterization of tetrakis(4-hydroxyphenyl)porphyrin incorporated into functionalized SBA-15 (THPP-SBA-15) (Scheme 1). Then, its performance in the adsorption of toxic heavy metal of Pb 2+ from aqueous solution was investigated.
EXPERIMENTAL

Materials and Methods
Tetraethylorthosilicate (TEOS), pluronic P123 (tri-block copolymer EO 20 PO 70 EO 20 ) and (3-chloropropyl) trimethoxysilane (CPTMS), were purchased from Aldrich Co. Pure analytical pyrrole, 4-hydroxybenzaldehyde and propionic acid were supplied from Merck Co. All solvents used in this work were purchased from Merck Co. and used without further purification.
The morphology of SBA-15, CPTMS-SBA-15 and THPP-SBA-15 was examined using a Tescan (model Vega II) Scanning Electron Microscope (SEM). Powder X-ray Diffraction (XRD) was carried out using a Philips (Xpert MPD) diffractometer. Fourier transform infrared (FT-IR) spectra were recorded on a Shimadzu-8400S spectrometer in the range of 400-4000 cm -1 using KBr pellets. Diffuse Reflectance Spectra (DRS) were prepared via a Shimadzu (MPC-2200) spectrophotometer. The UVVis absorption study was performed at room temperature in the wavelength range of 190-800 nm on a UV-Vis spectrometer (ShimadzuUV-1700). Surface area and pore size distribution were determined using Brunauer-Emmett-Teller (BET) multilayer nitrogen adsorption method in a conventional volumetric technique by ASAP 2020 micromeritics instrument. The concentration of metal ions was measured by using an inductively coupled plasma spectrometer (ICP-AES, Shimadzu, model ICPS -700, ver. 2).
Synthesis of SBA-15 modified with (3-chloropropyl)triethoxysilane (CPTMS-SBA-15)
Mesoporous silica SBA-15 material was prepared using TEOS as silica precursor and P123 as template via the hydrothermal method [23] . P123 (4 g) was dissolved in 100 mL HCl (2.1 M); the solution was stirred at 40°C for duration of 4 h. Then, TEOS (6.3 g) was slowly added to the solution and the water-P123 mixture was kept under static conditions at 40°C for duration of 24h. The resulting gel was crystallized by hydrothermal treatment at 100°C for 48h in a Teflon autoclave. Next, the resulting white solid was filtered and washed with deionized water several times, air-dried at room temperature and calcined at 550°C to remove the surfactant template for duration of 5h.
The surface modification of SBA-15 was carried out: 2.8 mL of CPTMS was added dropwise to 0.4g of SBA-15 suspended in 25mL of anhydrous toluene. Then, the reaction mixture has refluxed in a round bottom flask at 110 °C for duration of 24 h. The resulting precipitate was filtered, washed with toluene and ethanol, and dried overnight at 100°C. The sample is designated as CPTMS-SBA-15.
Synthesis of tetrakis(4-hydroxyphenyl)porphyrin (THPP)
0.52 mL of newly distilled pyrrole was added to a round-bottom ûask containing 4-Hydroxy benzaldehyde (915mg) dissolved in 40mL propionic acid. The mixture was refluxed for duration of 1 h; then, 50 mL EthOH was added. The mixture was cooled to room temperature and placed in an ice bath for duration of 60 min. The separated product was ûltered off and washed several times with the mixture of propionic acid and EthOH (1:1), and chloroform, respectively. The resulting product was purified via column chromatography.
Synthesis of THPP-SBA-15 hybrid
20 mL NaOH (0.05M) was added to 0.026 g THPP dissolved in 30mL DMF and stirred for 10 min. The resulting solution was added to a round bottom flask containing 0.3 g CPTMS-SBA-15 dispersed in 10 mL DMF. Then, the reaction mixture was heated with stirring at 70°C for duration of 24h. The resulting precipitate was filtered, washed with DMF three times and air-dried at room temperature. To neutralize the resulting red powder, it was treated with HCl 5% solution to reach a green color. After filtration, the product was washed thoroughly with deionized water. Finally, this green solid dried at 90°C for duration of 10h and henceforth denoted as THPP-SBA-15.
Heavy metal adsorption experiments
Lead nitrate was dissolved in deionized water to prepare initial metal ion solutions with concentrations of 10 mg/L, 20 mg/L, 50 mg/L, 80 mg/L, 100 mg/L, and 200 mg/L. 0.008 mg of adsorbent and 10 mL of metal ion solutions were placed in stoppered vials and stirred (at the rate of 300 rpm) for 100 min at room temperature. The resulting mixtures were filtered to collect the final solutions. The metal concentration of the initial and final solutions was determined via ICP-AES spectroscopy.
RESULTS AND DISCUSSION
Characterization X-ray powder diffraction (XRD)
The low-angle XRD spectra for SBA-15, CPTMS-SBA-15 and THPP-SBA-15 are shown in Fig. 1 . All three synthesized materials exhibited three well-resolved diffraction peaks including a strong peak at 2è of 1.09 corresponding the distance between two successive walls (that is, one pore diameter plus a wall thickness) and two peaks at 2è of 1.57 and 1.8, which are characteristic of a well-ordered SBA-15 type material. The intensities of the XRD peaks for CPTMS-SBA-15 and porphyrin-SBA-15 are substantially lower than those measured for SBA-15, which is probably caused by a slight alteration of the mesoporous structure ordering that likely results from distribution of organic groups throughout the SBA-15 mesoporous silica. Thereby, these results prove the evidence that functionalization occurred mainly inside the mesoporous channels. Fig.2 shows the infrared spectra of SBA-15, CPTMS-SBA-15, and porphyrin-SBA-15. In the infrared spectrum of SBA-15, the bands 811 and 1087 cm "1 belong to the symmetric and asymmetric stretching vibrations of the Si-O-Si bond. The bands of 463 and 967cm "1 have been assigned to the torsion vibration of the Si-O-Si bond and the stretching vibration of the silanol's groups (Si-OH), respectively. The broad peak of 3000-3467cm -1 is associated with stretching vibrations of superficial silanol groups (Si-OH) 24 . In the CPTMS-SBA-15 spectrum, the peaks observed at around 2926, 2847, 1463, and 722cm -1 are related to asymmetric stretching, symmetric stretching, bending vibrations of aliphatic C-H bonds, and the vibration of Si-C bonds, respectively. In addition, successful incorporation of the chloropropyl group into the SBA-15 mesoporous material's network can be confirmed from the peak near 595cm -1 , due to presence of stretching vibrations of C-Cl bond [25] . In the THPP- 
FT-IR spectra
Nitrogen adsorption-desorption
The nitrogen adsorption-desorption analysis was performed at 77 K. Adsorptiondesorption isotherms for CPTMS-SBA-15 and THPP-SBA-15 are shown in Fig 3-A. The corresponding isotherms show type IV isotherm in the IUPAC classiûcation that reveal well-ordered mesoporous materials.
The actual pore radius, r p , should be rewritten as: r p =r k +t where t represents the thickness of the adsorbed layer on the surface.
Accocding to the BJH theory the weighted average pore diameter is calculated as follows:
Where D avg k is the diameter of a pore which would have a surface area that is the average of the areas for pore radius R Ck and R Ck+1 , if its length was the mean of the lengths at those radii.
The following results have been arisen from BET and BJH method 26, 27 . The BET surface area of THPP-SBA-15 is 249 m²/g, which is lower than that of CPTMS-SBA-15 (414 m²/g), and the average pore size is decreased from 54 Å for CPTMS-SBA-15 to 48 Å for THPP-SBA-15. These results indicate that the void pores of CPTMS-SBA-15 have been occupied by THPP and SBA-15 material and show general modiûcation due to presence of organic moieties. Generally, the modified adsorbents have a lower surface area and pore size than the unmodified ones 28 . Pore size distribution curves for CPTMS-SBA-15 and THPP-SBA-15 are shown in Fig 3-B. Both of them reveal a narrow pore size distribution with the maximum pore diameter of the distribution curve around 43 and 37 Å for CPTMS-SBA-15 and THPP-SBA-15, respectively.
UV-Vis spectroscopy
The UV-Vis absorption spectra of the pure THPP, SBA-15, CPTMS-SBA-15, and the THPP-SBA-15 are shown in Fig. 4 . The UV-vis absorption spectrum of pure THPP shows absorption around 400 nm (the soret band), followed by several weaker absorptions (Q bands) at higher wavelengths (500-700 nm). In the same regions in the UV-Vis spectra of SBA-15 and CPTMS-SBA-15, no absorption peaks related to porphyrin are observed. While in the THPP-SBA-15 spectrum, the soret band and the Q bands are similar to the spectrum of pure THPP, but the soret band of the THPP incorporated into SBA-15 is red-shifted. The intension of this peak decreased and encapsulation of THPP by SBA-15 may cause lowering this intention because porphyrin is now surrounded by interior surface of SBA-15.
Morphology of materials
Fig.5-A shows a SEM image of the SBA-15 with rod-like structure that it's directions are parallel to a long axis, while Fig.5-B and 5-C show images of modified SBA-15 with CPTMS and porphyrin, respectively. In comparison to pure SBA-15, the mentioned materials display typical fibrous type morphologies (as usually seen in the SBA-15 materials) and shorter channel lengths, while general morphological properties of these silica materials indicate no changes after the modification process.
Adsorption behavior of THPP-SBA-15
Measurements were based on 100mL solution with initial Pb 2+ ion concentration of 100 mg/L. The adsorption efficiency of Pb 2+ as a function of adsorbent dosage is presented in Fig. 6 . It is observed that the removal efficiency increases as the adsorbent dosage is raised. When a dosage of 0.8 g/L is used, the removal efficiency reaches 80%, indicating that the adsorbent shows strong affinity to Pb 2+ . In considering the removal efficiency, an adsorption dosage of 0.8 g/L is selected for the following studies.
To determine an optimum contact time between the THPP-SBA-15 and lead ion solutions, adsorption efficiency of metal ion was measured as a function of contact time and the results are presented in Fig. 7 . As shown in this figure, the maximum removal of lead ions attained within duration of 100 min. In order to interpret the kinetic characteristics of metal adsorption processes, a pseudo second order equation model can be used to evaluate experimental data.
The effect of initial concentrations on metal ion adsorption was investigated by varying the initial concentrations of the metal ion during100 min of equilibration time. The effect of initial concentration on the removal of Pb 2+ ions by THPP-SBA-15 is presented in Fig. 8 .
Adsorption isotherm is studied to determine the adsorption behavior of an adsorbent. The capacities of THPP-SBA-15 to adsorb Pb 2+ are investigated by measuring the initial and final concentration of metal ion. Fig. 9 shows the adsorption isotherm for the adsorbent. Isotherm curves demonstrate adsorption as a function of the equilibrium concentration of metal ion in solutions. This figure shows that adsorption of the metal ions enhances with increase in ion concentrations and inclines to achieve saturation point at higher concentrations. This increase in loading capacity of the adsorbent with relation to the metal ions concentration can be explained with the high driving force for mass transfer. The Langmuir adsorption isotherm equation was used to normalize the adsorption data. The general form of the Langmuir isotherm equation is as follows:
where C e is the equilibrium concentration of Pb 2+ in the solution (mg/L), q e is the amount of metal ion adsorbed per unit of adsorbent at equilibrium (mg/g) and a L (L/mg) and K L (L/g) are the Langmuir constants. In addition, the maximum adsorption capacity (mg/g) is indicated by [Q m = K L / a L ]. As q max depends on the number and structure of adsorption sites, as long as there are unoccupied sites, the adsorption process will increase with increasing metal ion concentrations, but as soon as all of the sites are occupied, a further increase in concentrations of metal ion solutions does not increase the amount of Pb 2+ on adsorbents. This Eq. can be rearranged into linear form: 
CONCLUSION
In this study, a new adsorbent for heavy metal removal from aqueous media was successfully prepared. Such an adsorbent has a mesoporous structure with large surface area and pore volume. These features make it an effective and convenient adsorbent for heavy metal removal. The adsorption process fitted well with Langmuir isotherm and its kinetics abides the pseudo second order kinetic equation. In conclusion, the porphyrin functionalized mesoporous silica is a promising adsorbent for heavy metal removal from water sources such as river water, lake water, groundwater, and tap water.
